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Objectives: To examine the relationship between the incidence of transient ischaemic attack (TIA) and stroke on a 
national and regional level and the rate of carotid endarterectomy (CEA). 
Subjects: Patients entered onto a national primary care computerised database with a new diagnostic code of stroke or 
TIA between 1992 and 1995. 
Methods: Analysis of data from the primary care database and routine data sources. Main outcome measures were 
incidence of TIA and stroke and rates of CEA. 
Results: The mean incidence per 100 000 of the population was 292 (TIA) and 356 (stroke) in England, 391 and 497 in 
Scotland and 349 and 448 in Northern Ireland. There was a variation in the incidence of TIA and stroke between both 
the regions and countries which was significant. There was a national increase in the rate of CEA between 1990 and 
1995 which showed a marked variation across the regions. The inter-regional variation in rate of CEA correlated with 
the inter-regional difference in incidence of disease. 
Conclusions: The incidence of TIA and stroke may be higher than previously recognised, and varies significantly between 
the regions. This is generally associated with the variation in performance of CEA. 
Introduction 
The quoted incidence of transient ischaemic attack 
(TIA) and stroke in the U.K. are similar with a rate 
between 150 and 200 per 100 000 of the population per 
year for both. 1'2 Derived figures uggest 16 patients per 
100 000 of the population per year have symptomatic 
internal carotid artery stenosis amenable to surgery. 
This figure is based on an incidence of first TIA of 
60/100000, and the same for non-disabling stroke. 
However, the incidence of cerebrovascular disease has 
a range of 35-300/100 000 depending on the method- 
ology of the study employed. 3 
The benefits of carotid endarterectomy (CEA) in 
stroke prevention have been demonstrated in two 
large multicentre trials 4'5 with one showing a six-fold 
and the other a 10-fold reduction in the risk of stroke 
following surgery in symptomatic patients with a 
greater than 70% stenosis of the internal carotid artery. 
There is recent epidemiological evidence to suggest 
CEA is underused in stroke prevention despite asmall 
* Please address all correspondence to: A. H. Davies, Department 
of Surgery, Charing Cross and Westminster Medical School, Fulham 
Palace Road, London W6 8RF, U.K. 
Information on regional reporting of new cases of TIA 
and stroke was obtained from the General Practice 
Research Database (GPRD) via the Epidemiology and 
Pharmacology Information Core (EPIC). The clinical 
data from the GPRD is obtained from 402 rep- 
resentative general practices with a population of four 
million patients throughout the U.K. Several studies 
have validated the accuracy of the GPRD. 6'7 Clinical 
information is entered on to the database by par- 
ticipating General Practitioners using the Oxford med- 
ical information system (OXMIS) codes. The OXMIS 
increase in performance of CEA between 1990 and 
1993. 3
This study estimates recent national and regional 
rates of TIA and ischaemic stroke obtained from a 
computerised general practice database, and reports 
the latest available figures for national and regional 
performance of CEA. The impact of the NASCET and 
ECSTC trials on current surgical practice for cerebro- 
vascular disease in the U.K. are considered. 
Method 
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codes are designed to be all encompassing, iving the 
General Practitioner a broad choice of codes for the 
same condition in order to ensure a code matching 
their diagnosis is available. Codes selected for stroke 4339FL 
4339NF 
were 4339FL, 4339NF, 4339P, 4339PL, 4339TL, 4360A, 4339P 
4360B, 4369A, 4369AL, 4369AR, 4369B, 4369BN, 4339PL 
4389CR, 4370, 4379, 4379CT. Codes used for TIA were 4339TL 
4360A 
4350, 4350AT, 4350TM, 4359A, 4359AB, 4359AF, 4360B 
4359AR, 4359AT, 4359BA, 4359CC, 4359PR, 4359TM, 4369A 
4359VB, 43590 (see Table 1). 4369AL 
4369AR 
The number of CEAs performed was obtained from 4369B 
the Department of Health (Hospital Episode Statistics) 4369BN 
in England, the Information and Statistics Division of 4389CR 
4370 
the National Health Service Scotland and the Regional 4379 
Information Branch of the Department of Health and 4379CT 
Social Services Northern Ireland. The OPCS four codes 
L29.4, L29.5, L29.8, L29.9 were used. Population data 
were obtained from the Office For National Statistics 
(ONS). 
Results 
National and regional incidence of cerebrovascular disease 
Table 2 demonstrates the incidence of new cerebro- 
vascular events (broken into TIA and ischaemic 
strokes) for each of the English regions, Scotland and 
Northern Ireland between 1992 and 1995. These were 
obtained from the GPRD using the appropriate OXMIS 
codes. Figures for 1990 and 1991 were unavailable as 
data did not extend sufficiently far back on the GPRD. 
On a national evel Scotland had the highest incidence 
of ischaemic stroke and TIA over the 4-year period. 
There were also marked inter-regional variations in the 
English Health Regions: if the mean of the incidences of 
cerebrovascular events (TIA plus strokes) for the 4- 
year period is calculated for each region, then Oxford 
had the lowest incidence (n =355) whilst Yorkshire 
had the highest (n = 902). Mean annual rates of TIA 
and stroke in each region were measured using an 
overdispersed log-linear model. Quasi-F tests were 
used to test the hypothesis that these mean annual 
rates were the same in all 14 English regions, Scotland 
and Northern Ireland. There was a clear inter-regional 
variation and this was significant for both TIA (F = 
19.37; d.f. = 15.47; p<0.001) and stroke (F =25.93; d.f. = 
15.47; p<0.001). The disparity between regions in in- 
cidence of cerebrovascular disease is illustrated in Figs 
1 and 2. 
National and regional CEA rates 
The performance rates of CEA for England, Scotland 
and Northern Ireland in the year 1990/1991 were 
Table 1. Selected OXMIS codes for cerebrovascular disease. 
Codes for stroke 
Frontal lobe infarct 
Cerebral infarction 
Infarct pontine 
Infarct parietal lobe 
Infarct emporal lobe 
Cerebrovascular accident with hypertension 
Stroke with hypertension 
Accident cerebrovascular 
Cerebrovascular accident left 
Cerebrovascular accident right 
Stroke 
Stroke syndrome 
Accident cerebral 
Cerebral ischaemia hypertensive 
Cerebral ischaemia 
Cortical ischaemia 
Codes for TIA 
4350 
4350AT 
4350TM 
4359A 
4359AB 
4359AF 
4359AR 
4359AT 
4359BA 
4359CC 
4359PR 
4359TM 
4359VB 
43590 
Ischaemia cerebral transient with hypertension 
Transient ischaemic attacks with hypertension 
Cerebral ischaemia ntermittent hypertension 
Ischaemia caroticovertebral 
Vertibrobasilar deficiency 
Vertibrobasilar insufficiency 
Rind (reversible isehaemic neurodeficiency) 
Ischaemia cerebral transient 
Basilar artery syndrome 
Caroticovertebral ischaemia 
Prolonged residual ischaemic neurodeficiency 
Cerebral ischaemia ntermittent 
Vertibrobasilar disease 
Ischaemic attack transient 
1.2, 1.4 and 1.9 CEAs per 100 000 of the population, 
respectively. By 1994/1995 these figures had increased 
to 4.8, 8.5 and 5.5 (the 1995/1996 figures available for 
Scotland and Northern Ireland are 8.7 and 8.2). Table 
3 demonstrates the national rates for CEA and the 
increase in this procedure over time for England, 
Scotland and Northern Ireland, with a greater number 
being performed in Scotland. 
The rate of CEA performed has increased in all three 
countries over the time period. There was a 400% 
increase between 1990 and 1995 in England, 610% in 
Scotland and 290% in Northern Ireland. The changes 
in rate of CEA within the individual regions of England 
are shown in Table 4. There were large variations in 
the regions with respect o practice. Over the 5-year 
period in East Anglia there was a 15-fold increase 
from 0.2 cases per 100 000 to 3.7 cases. This rise in 
both national and regional performance of CEA has 
been accompanied by a 20% rise in Consultant mem- 
bership of the Vascular Surgical Society over the past 
5 years. 
Figure 3 shows a correlation between the combined 
incidence of TIA and stroke and the performance of 
CEA within the English RHAs, Scotland and Northern 
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Tab le  2. Nat iona l  and  reg iona l  T IA  and  s t roke  ra tes /100 000 1992-1995.  
Region 1992 1993 1994 1995 
TIA Stroke TIA Stroke TIA Stroke TIA Stroke 
Northern 366 588 368 476 397 486 318 466 
Yorkshire 441 529 404 549 352 516 370 448 
Trent 391 348 355 358 320 331 282 338 
E Anglia 282 314 307 368 300 370 242 353 
NWThames 248 271 239 279 269 299 227 271 
NE Thames 219 242 194 260 168 237 171 249 
SE Thames 302 397 280 311 232 278 226 240 
SWThames 253 300 226 292 277 290 230 293 
Wessex 362 366 329 374 338 396 284 327 
Oxford 120 172 164 239 158 219 133 215 
S Western 347 371 339 437 303 341 281 397 
W Midlands 329 368 298 404 275 387 254 344 
Mersey 346 349 341 343 333 399 330 410 
N Western 352 475 329 420 385 418 362 443 
England 311 364 298 365 293 355 265 342 
Scotland 409 471 420 537 384 506 351 472 
N Ireland - - 385 532 303 402 360 411 
(All figures are rounded.) 
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Fig. 1. Mean rates of TIA in English RHAs, Scotland and N Ireland 
1992-1995 showing 95% confidence limits. 
Ireland. The mean rate of CEA over the years 1992/ 
1993-1994/1995 was calculated for each of the 14 
RHAs in Eng land  and correlated against the mean 
annua l  inc idence of TIA and stroke for 1992-1995. The 
Nor thern  Region stands out in hav ing  a h igh TIA and  
stroke rate, but  a low CEA rate per 100 000 of the 
popu la t ion  over the t ime period. The tendencies for 
regions wi th  higher stroke and TIA rates to have 
higher rates of CEA were measured  us ing Kendal l 's  
correlat ion coefficient (Kendall 's tau-b) and  the cor- 
relat ion was found to be signif icant both for stroke 
(tau-b -- 0.4725; p = 0.0186) and  TIA (tau-b = 0.4506; p = 
0.0248). The tau-b values can be interpreted by  saying 
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Fig. 2. Mean rates of stroke in English RHAs, Scotland and N Ireland 
1992-1995 showing 95% confidence limits. 
that g iven two randomly  chosen regions, the one with  
the higher stroke rate had the higher CEA rate, 47.25% 
more often than the region wi th  the lower stroke rate, 
and the region wi th  the higher TIA rate had the higher 
CEA rate, 45.06% more often than the region with the 
lower TIA rate. 
The ratio of the mean rate of CEA (for the years 
1992/1993 to 1994/1995) to the mean cerebrovascular 
event rate (for 1992-1995) has been calculated for each 
of the Engl ish regions, Scotland and Nor thern  I re land 
and expressed as CEA per 1000 cerebrovascular events 
per region (Fig. 4). This shows that someone suffering 
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Table 3. National CEA rates/100 00 population. 
Country Year Factor 
increase 
1990/1991 1991/1992 1992/1993 1993/1994 1994/1995 
England 1.2 2.7 3.2 4.3 4.8 4.0 
Scotland 1.4 2.8 5.6 6.6 8.5 6.1 
N Ireland 1.9 2.5 0.7 5.0 5.5 2.9 
(All figures are rounded.) 
Table 4. Regional CEA rates/100 00 of population England. 
Region 1990-1991 1991-1992 1992-1993 1993-1994 1994-1995 
Northern 0.3 1.5 1.9 2.7 3.1 
Yorkshire 0.8 4.2 6.7 6.1 6.6 
Trent 1.2 2.4 2.5 2.9 3.9 
E Anglia 0.2 1.1 1.9 3.1 3.7 
NW Thames 1.2 2.6 2.7 4.0 7.3 
NE Thames 0.5 2.2 1.9 3.1 2.6 
SE Thames 1.6 2.3 4.1 3.0 3.6 
SW Thames 0.3 0.5 1.1 1.8 2.6 
Wessex 0.9 3.7 6.7 5.4 7.1 
Oxford 0.4 1.5 1.3 2.4 2.7 
S Western 3.5 4.3 4.6 5.8 6.2 
W Midlands 1.0 2.8 1,6 3.7 4.1 
Mersey 1.1 3.9 3,5 4.6 7.4 
N Western 2.4 2.9 42 6.3 6.5 
England 1.2 2.7 3,2 4.3 4.8 
(All figures are rounded.) 
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Fig. 3. Correlation of CEA rates with combined TIA and stroke rates 
1992-1995. 
a new cerebrovascular event in Wessex is more than 
three times as likely to be treated with CEA as someone 
in the northern region. 
Discuss ion  
The results indicate a clear global increase in per- 
formance of CEA in the United Kingdom across all 
regions during the time period, although there was a 
wide variation in the rate of CEA between the regions. 
Data reliability with respect o number of CEAs per- 
formed is important; the Department of Health in 
England reports greater than 80 per cent valid diag- 
nostic coverage, with figures being grossed to cover 
missing data. There are no data deficiencies reported 
from Scotland, but Northern Ireland reports in- 
complete data for 1992-1993, with only 75 per cent data 
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Fig. 4. Carotid endarterectomy andcerebrovascular attack rate by 
region 1992-1995. 
completeness. Given the data is generally complete 
for the three countries (with this exception) there 
are several potential reasons for the observation that 
numbers of CEAs carried out has risen. 
There is an increase in TIA and stroke rate with age, 
with the greatest rate of increase between the ages of 
55 and 80 (although the flattening out of the rate in 
the elderly could be the result of under reporting). 8 
The majority of CEAs are performed on people over 
the age of 60 years. The change in the number of 
people over the age of 60 years in each region has 
only varied by +1% between 1990 and 1995. Thus 
demographic changes do not explain the increase in 
the number of CEAs performed over the 5-year period. 
The rise in number of CEAs performed could be in 
response to a rise in the incidence of cerebrovascular 
disease. However, the data in Table 1 do not suggest 
an overall increase in the incidence of TIA and stroke 
over the time period. In fact the mean incidence for 
TIA and stroke fell from 311/100 00 (TIA) and 364/ 
100 000 (stroke) in 1992 to 265/100 00 and 342/100 00 
in 1995. Similar falls were seen in Scotland and North- 
ern Ireland. It is of interest to note that the GPRD data 
reveal a higher incidence of both TIA and stroke than 
might be expected. It is recognised that the method- 
ology of studies of incidence and prevalence of TIA 
and stroke have a bearing on the subsequent results; 
hospital based studies (stroke registers and record 
review) tend to have lower incidences than studies 
relying on self reporting. 8 The figures obtained from 
the GPRD are similar to rates reported in two studies 
using self reporting of TIA symptoms, suggesting 
incidences of 2809 and 310 per 100 000) °The population 
database sampled can also skew results, with a tend- 
ency for lower incidences when all ages in the popu- 
lation are used as the denominator, as is the case for 
the GPRD. Sixteen OXMIS codes were selected for 
stroke and 14 for TIA, a large number of diagnostic 
codes (the International Classification of Diseases 9, 
has nine equivalent codes for stroke and one for TIA) 
which could potentially account for the high incidences 
found. However, many of the codes overlap to such 
an extent they are effectively the same, i.e. 4359A 
(ischaemia caroticovertebral) and 4359CC (ca- 
roticovertebral ischaemia). These figures suggest a 
higher incidence of TIA and stroke in the community 
than previously recognised. 
The finding of significant variation between RHAs in 
incidence of TIA and stroke also has resource allocation 
implications for the regions. There was a significant 
correlation between the regional incidence of cerebro- 
vascular disease and regional rate of CEA (see Fig. 3), 
but the ratios between these two rates varied greatly 
between regions. Yorkshire has a high incidence of 
cerebrovascular events and a correspondingly high 
CEA rate and Oxford a very low rate of cerebrovascular 
events and a low rate of CEA (see Fig. 3). This is in 
contrast to the northern region which has a very high 
incidence of cerebrovascular events but is the region 
with one of the lowest rates of CEA. Thus whilst in 
general the difference in the number of CEAs being 
performed between regions can be explained on the 
basis of the wide differences in regional incidence of 
disease, there are other factors which must influence 
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the rate of CEA. These presumably include the number 
of patients referred forconsideration of CEA by both 
General Practitioners and Hospital Physicians, which 
in turn depends upon both understanding of the in- 
dications for the procedure, adequate funding and 
adequate provision of local vascular esources. It has 
been shown that a similar variation in performance of
CEA exists between Scottish Health Boards, 3and that 
the reason for this is the variation in availability of 
CEA. ~I The inter-regional variation in incidence of 
cerebrovascular disease means that provision of CEA 
should not only be increased, but resources should be 
provided to RHAs commensurate with need. 
The most important factor involved in the increase 
in CEA performance is likely to be due to an increase in 
referral from General Practitioners and other medical 
specialities since the publication of the trials and the 
increasing awareness of the safety of the procedure. 
Although the role of CEA in primary stroke prevention 
in symptomatic high risk patients and secondary pre- 
vention in stroke patients has been proven and ad- 
vocated by vascular surgeons I2 there has previously 
been a certain reluctance to recognise CEA as a mech- 
anism for stroke prevention amongst some general and 
public health practitioners. Is-Is These findings uggest 
that increasing recognition of the role of CEA is being 
reflected in increased performance, reinforcing earlier 
findings of an increase in referral since the publication 
of the North American and European trials. ~6 
It has been suggested that the number of CEAs 
currently being performed in the U.K. still falls short 
of the number of patients who could potentially benefit 
from it. 3 If the incidence of cerebrovascular disease is 
higher than previously recognised, as the data sug- 
gests, the figure for the optimum number of CEAs 
may need to be further evised. Reasons for the present 
underperformance could include failure to self refer, 
as many patients fail to recognise or i:eport symptoms, 
i7 failure of diagnosis of TIA which can be difficult and 
may be missed or misdiagnosed (migraine, epilepsy, 
syncope) 18and failure to refer on for further opinion. 
There is evidence that some general practitioners may 
not be aware of current opinion with regard to surgery 
as a treatment option, and continue to manage on 
aspirin alone. Is There is also the issue of availability 
of local vascular esources and funding to consider, 
as, to perform the perceived optimum number of CEAs 
would require at least a three-fold increase in the 
number of procedures carried out each year. 
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